Using a combined in vitro and in vivo technique, Eberson (1921) demonstrated the presence of substances, presumably antibodies, in the serums of syphilitic patients and rabbits that rendered virulent Treponema pallidum either less infectious or noninfectious. In spite of improvements by a number of investigators (Tani, Saito, and Funada, 1935; Tani and Ogiuti, 1936; Tani and Aikawa, 1936; Turner, 1939) , such in vitro and in vivo techniques have serious practical limitations. Nelson and Mayer (1949) were first to develop an in vitro method for the demonstration of an immobilizing antibody for virulent Treponema pallidum. Although most of their findings have been confirmed in this laboratory (Magnuson and Thompson, 1949 ), the precise relationship between "immobilizing antibody" and "spirocheticidal antibody" is as yet undetermined.
the results in the second experiment could be due to differences among rabbits, since the "a" and "b" mixtures were inoculated into different animals.
It was our purpose to design a definitive experiment in which the relationship of immobilization to killing could be determined on a quantitative basis. If the immobilization and killing of Treponema pallidum proceeded either simultaneously or at equal rates, it would present strong evidence that the antibody responsible for immobilization was actually spirocheticidal.
MATERIALS AND METHODS
The syphilitic serum pool was obtained from a group of patients at the Eastern Medical Center, Durham, North Carolina. All these patients had high reagin titers, and through previous assays the pool of their serums was known to contain "immobilizing antibody." Donors for the normal serum pool were selected from our own laboratory personnel. Both serum pools were stored at -20 C. Complement was obtained from pools of at least 12 guinea pigs, lyophilized in 5.0-ml amounts, stored in vacuo at -20 C, and restored with distilled water just before use.
The emulsion containing virulent Treponema paUidum (Nichols strain) was prepared and the immobilization assay performed in the manner of Magnuson and Thompson (1949) . One and seven-tenths ml of emulsion containing 1.2 X 107 T. paUidum per ml, 0.1 ml of active or heat-inactivated complement, and 0.2 ml of the inactivated test serum or its saline dilution were added to each tube. The normal and syphilitic serums were each assayed at serial fivefold dilutions from whole serum to 1:125, representing final concentrations in the test emulsions of from 1:10 to 1:1,250.
At the beginning of the in vitro assay, after all reagents and the emulsion had been added, samples from the 1:10 dilutions of normal and syphilitic serums with active and inactive complement were serially diluted in one part of inactivated normal rabbit serum plus three parts of 0.85 per cent NaCl. Twotenths ml of each serial tenfold dilution ranging from 106 to 101 organism per ml were inoculated intracutaneously over the backs of three rabbits. The sites for inoculation were distributed in random fashion among the 24 sites used on each animal. The inoculated sites were examined twice weekly for a 3-month period and only dark-field positive lesions were recorded as positive.
After the assay tubes had been incubated for 18 hours at 35 C, the percentage of motile organisms was estimated from the proportion of motile organisms in the first 50 spirochetes counted. At the same time, serial tenfold dilutions for inoculation into rabbits were prepared from each of the 16 tubes in the manner employed at the beginning of the experiment. An exception was made with the tubes containing no motile organisms, in which the dilutions ranged from 107 to 102 organisms per ml rather than from 106 to 10 per ml. (Magnuson and Thompson, 1949) , the pool of syphilitic serums was positive for immobilizing activity at the 1:10 and 1:50 dilutions. These readings, orig-1950] inally made at 18 hours when the rabbit inoculations were begun, were essentially unchanged at 21 hours when the inoculation had been completed.
The infectiousness of the mixture containing syphilitic serum and active complement was estimated in the following manner: For each tube in the in vitro assay, the number of spirochetes required to produce dark-field positive lesions at 50 per cent of the inoculated sites was estimated. These 50 per cent end points were estimated by the method of Behrens (1929) Eagle, and Fleischman (1948) have shown, the length of the incubation period may be considered a quantitative response to the number of inoculated organisms. Expression of all incubation periods as reciprocals, as suggested by Turner and his co-workers (1948), has indicated that reasonable weight may be attached to all observations including those sites that remained negative, i.e., the incubation period was infinite. Further investigations in this laboratory as to the nature of the variance after such transformations have shown that the variance is stabilized and additional information may be obtained.
The analysis of variance with the reciprocal transformation was straightforward for a factorial design and followed the procedure outlined by Yates (1937) . There were 19 sites on one animal that were not used because of death during the observation phase of the experiment. These values were estimated in accordance with standard formulae for missing values and resulted in the loss of 19 degrees of freedom from the total and error mean square. The analysis of variance on an individual rabbit-site basis is shown in table 2.
The addition of active complement and variation of the number of inoculating organisms had a significant effect on both the percentage of successful inoculations and the incubation periods. These were the only primary factors to show significant variation. Immune serum and normal serum differed significantly only when complement was present, as shown bf the significant interaction between complement and serum. Other interactions which were significant at the 1 per cent level included the interaction between complement and the dilution of serum, the interaction between serum and dilution of serum, and the interactions between complement, serum, and serum dilution, and between complement, serum dilution, and the number of organisms inoculated. Interactions A similar analysis of variance for the controls inoculated at 0 time is shown in table 3. As is there shown, a significant effect on the percentage of takes and rate of development of lesions is produced only by variation in the number of inoculated organisms. The average incubation period for all groups at 0 time THOMPSON, JR., GREENBERG) AND MAGNUSON was 37.4 days. The number of organisms required to produce dark-field positive lesions at 50 per cent of inoculated sites was essentially the same for all groups: for normal serum plus active complement 10k"7 T. pallidum, for normal serum plus inactive complement 103.50, for immune serum with active complement 103.50, and with immune serum plus inactive complement 103-".
The harmonic mean incubation periods of lesions developing after inoculation of the various serum and complement mixtures are shown in table 4. As is At the 1:250 dilution the estimated motility was much higher than the estimated infectiousness obtained in vivo. It is possible that this represents a transition point at which T. pallidum retains motility but has become noninfectious because of some change in the organism, either making it unable to reproduce in vivo or so altering the parasite that it is more susceptible to immune mechanisms of the normal host. This suggests that motility may represent the final effective activity surrendered by virulent T. pallidum. This is perhaps analogous to the observation of Eagle and Musselman (1944) that in the presence of penicillin the cultured nonpathogenic Reiter strain of T. pallidum lost its ability to multiply before it became nonmotile.
The present experiment demonstrates that spirochetes immobilized in the immobilization test are not infectious and are, therefore, presumably dead. The parallel though not necessarily simultaneous action of immobilization and killing of T. pallidum suggests that the antibodies responsible for these phenomena are identical.
SUMMARY
There is a corresponding loss of infectiousness of virulent Treponema pallidum (Nichols strain) as it is rendered nonmotile by the immobilizing antibody. This relationship is not directly proportional and suggests that infectiousness may be lost slightly before motility ceases. This noninfectiousness may be due to some alteration in the Treponema paUidum rendering it incapable of reproducing in vivo, or it may be that the Treponema paUidum is so altered as to render it more susceptible to the natural immune mechanisms of the host.
A period of in vitro incubation is necessary to demonstrate immobilization and reduction of infectiousness. This suggests that the initial antigen-antibody reaction was either not immediate or that the antigen-antibody complex dissociated in vivo.
For both the in vitro demonstration of immobilization and the in vivo demonstration of loss of infectiousness, syphilitic serum in adequate concentration and active complement are required.
